Docket No. 303.573US1 
WD #255897 



Micron Ref. No. 95-0711 



CLEAN VERISON OF PENDING CLAIMS 



r O *' ■ ^ METHOD TO REDUCE FIXED CHARGE IN CVD OZONE DEPOSITED FILMS 



Co 



Applicant: Gurtej Singh Sandhu et al. 
Serial No.: 08/636,069 



n 



Claims 1.2. 4-6 31-36 3R-U as of April 23, 2001 (Date of Response to Final Office 
Action after second CPA) 



1. 




(Amended) A chemical vapor deposition (QVD) process for depositing 
borophosphosilicate glass films on a substrate surface, the process comprising: 

disposing the substrate within a chemical vapor deposition reaction chamber; 

heating the substrate to a temperature within a range of at least 480°C to about 
700°C; 

introducing a gas volume of SiOjprecursors into the chamber; 

admitting a gas volume of ozonefinto the chamber; 

admitting a dopant source for phosphorus into the chamber; 

admitting a dopant source for boron into the chamber; and 

exposing a reaction volume of gases located above the substrate surface within a 
chemically reactive distance of the substrate to a high intensity light 
source to increase the f mctional atomic oxygen concentration and reduce 
the fixed charge in the leposited films, the reactant gases in the reaction 
volume taking part in 1 eterogeneous chemical reactions, rather than 



homogeneous reactionp 
volume; and 
subjecting the reaction volum 
torr during deposition 



taking place in the chamber outside of the reaction 



5 of gas to a pressure of approximately 200 to 760 
of the borophosphosilicate layer. 



2. The methdd of Claim l^h^ein the Si0 2 precursor is selected from the group consisting 
of TEOS (tetraethylWthosilicate), TMCJS-(tetramethylcyclotetrasiloxane), DES (diethylsilane), 
DTBS (ditertiarybutykilan\^^^ and FTES 

(fluorotriethoxysilane)?S 
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<{A\ The mettiod of Claim, 1, wherein the dopant source for boron is selected from the group 
consisting of tri\sopropylborafe ? TMB (trimethylborate), and TEB (triethylborate), and the 
dopant source for phospho,nis is 'selected from the group consisting of TEPo (triethylphosphate), 

■ TEPi (triethylpho^phite),TMPo (trimethylphosphate) and TMPi (trimethylphosphite). 

,5 y . The methodVof Claim T, further comprising introducing a gas volume of a carrier gas into 
the reaction chambei 

& The method of\C%m^ wherein the dopant source for boron is selected from the group 
consisting of triisopfSpVlborate, TMB (trimethylborate) and TEB (triethylborate), and the dopant 
source for phosphorus ^selected from the group consisting of TEPo (triethylphosphate), TEPi 
(triethylphosphite), TMPp (trimethylphosphate) and TMPi (trimethylphosphite). 



^ yi. (Amended) A method of depositing a silicon dioxide layer on a substrate surface, the 
method comprising: 

contacting the substrate surface with a reaction volume of gas located above the substrate 
surface withiri a chemically reactive distance of the substrate, the reaction volume 
of gas comprising a Si0 2 precursor and ozone; 
heating the substrate surface to a temperature of at least 480°C to about 700°C; and 
illuminating the reaction volume of gas from a light source without directly exposing the 
substrate surface to the light source to increase the functional atomic oxygen 
concentration andVreduce the fixed charge in the deposited films, the reactant 
gases in the reaction volume taking part in heterogeneous chemical reactions, 
rather than in homogeneous reactions taking place in the chamber outside of the 
reaction volume, subjecting the reaction volume of gas to a pressure of 
approximately 200 tov760 torr during deposition of the silicon dioxide layer. 



4f ^T^Q ou r o e« C Qn i piris #»^efef liy IliL Vllpui lainps ^ 
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The method of Claim yi , wherein the reaction volume of gas further comprises a carrier 

gas. 

^>3f. The metlW of Claim JJ'f , wherein the reaction volume of gas further comprises a carrier 
gas selected from t^e group consisting of the Noble gases, nitrogen and hydrogen. 

^ yS. The method oflClaim yi, wherein the reaction volume of gas further comprises a carrier 
gas comprising helium. 

f° 36T The method of Claim 31, wherein ozone comprises approximately 5% to 15% by volume 
of the reaction volume of gX 

The method of Claim 3^, further comprising: 

subjecting the reaction volumaatgaSTo^ pressure of approximately 200 torr during 

\ \ 

deposition of the silicon cljoxide layer. 

39. The method of Claim ^4, wherein the Si0 2 precursor is selected from the group 
consisting of TEOS (tetraethylorthosilfcate), TMCTS (tetramethylcyclotetrasiloxane), DES 
(diethylsilane), DTBS (ditertiarybutylsi\ne), TMOS (tetramethylorthosilicate) and FTES 
(fluorotriethoxysilane). 

> ,40. The method of Claim 21, wherein the^reaction volume of gas further comprises at least 




one dopant source selected from the group consisting of triisopropylborate, TMB 

\ 

(trimethylborate), TEB (triethylborate), TEPo (triethylphosphate), TEPi (triethylphosphite), 

\ 

TMPo (trimethylphosphate) and TMPi (trimethylphosphite). 

41 . The method of Claim ,31, wherein the reaction volume of gas further comprises at least 
one dopant source for boron selected from the group consisting of triisopropylborate, TMB 
(trimethylborate), and TEB (triethylborate), and at least ^ne dopant source for phosphorus 
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fA)r 



selected frbm the group consisting of TEPo (triethylphosphate), TEPi (triethylphosphite), TMPo 
(trimethylpjiosphate) and TMPi (trimethylphosphite). 

£2. (Amended) A method of depositing a doped silicon dioxide layer on a substrate surface, 
the method comprising: 

contacting the substrate surface with a reaction volume of gas located above the substrate 
surface withir^a chemically reactive distance of the substrate, the reaction volume 
, comprising a Si0 2 precursor, ozone and at least one dopant source; 
heating the substrate surface to a temperature of at least 480°C to about 700°C; and 
illuminatW^e-reaction volume of gas from a light source without directly exposing the 
bstrate surface to the light source to increase the functional atomic oxygen 
concentration and reduce the fixed charge in the deposited films, the reactant 
gases in the reaction volume taking part in heterogeneous chemical reactions, 
rather than homogeneous reactions taking place in the chamber outside of the 
reaction volume; and 
subjecting thdreaction volume of gas to a pressure of approximately 200 to 760 torr 
during ^deposition of the silicon dioxide layer. 

43. (Amended) A method of depositing a dj^ped silicon dioxide layer on a substrate surface, 
comprising: 

contacting the substrate surface with/a reaction volume of gas located above the substrate 
^ surface within a chemicallVreactive distance of the substrate, the reaction volume 

of gas comprising a Si0 2 precursor, ozone and at least two dopant sources; 
heating the substrate surface to A temperature of at least 480°C to about 700°C; and 
illuminating the reaction volume of gas from a light source to increase the functional 
atomic oxygen concentration and reduce the fixed charge in the deposited films, the 
reactant gases in the reaction volume taking part in heterogeneous chemical reactions, 
rather than homogeneous'reactions taking place in the chamber outside of the reaction 



)U^ 
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volume; and 

subjecting the reaction volumeotfggs to a pressure of approximately 200 to 760 torr 
during depQS&kJno? theiilicon dioxide layer. 

44. The method of Claim 43, yh^kfff^t least two dopant sources comprise a dopant 
source for boron and a dop^t^ource for phosphorus. 

5. (Amended) A method of depositing a borophosphosilicate glass layer on a substrate 
urface, comprising: 

heating the substrate surface to a temperature of at least 480°C to about 700°C; 
contacting the substrate surface with a reaction volume of gas located above the substrate 
surface within a chemically reactive distance of the substrate, wherein the reaction 
volume of gas comprises: 

a Si0 2 precursor selected frorrf the group consisting of TEOS 

(tetraethylorthosilicate), TMCTS (tetramethylcyclotetrasiloxane), DES 
(diethylsilane), DTBS (ditertiarybutylsilane) and TMOS 
(tetramethylorthosincate); 
a dopant source for boron selected from the group consisting of triisopropylborate, 

TMB (trimethylbo'rate), and TEB (triethylborate); and 
a dopant source for phosphorus selected from the group consisting of TEPo 

(triethylphosphate), TEPi (triethylphosphite), TMPo (trimethylphosphate) 
and TMPi (trimethylphosphite); 
illuminating the reaction volume of gas from a high intensity light source to 

increase the functional atomic oxygen concentration and reduce the fixed 

f 

charge in the deposited films, the reactant gases in the reaction volume 

f 

taking part in|heterogeneous chemical reactions, rather than homogeneous 
reactions taking place in the chamber outside of the reaction volume; and 
subjecting the reaction volume of gas to a pressure of approximately 200 to 760 
torr during Reposition of the silicon dioxide layer. 
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46. (Amended) A method of depositing a fluorosilicate glass layer on a substrate surface, 
comprising: 

heating the substrate surface to a temperature if at least 480°C to about 700°C; 
contacting the substrate surface with a reactidn volume of gas located above the substrate 
surface within a chemically reactive distance of the substrate, the reaction volume 
of gas comprising a fluorinated Si(X precursor and ozone; and 
illuminating the reaction volume of gas from a light source to increase the functional 
atomic oxygen concentration and reduce me fixed charge in the deposited films, the 
reactant gases in the reaction volume take part in heterogeneous chemical reactions, 
rather than homogeneous reactions taking place in the chamber outside of the reaction 
volume; and / 

subjecting the reaction volume of gaspfaj ressure of approximately 200 to 760 torr 
during deposition of the fluorosilicate layer, 




47. (Amended) A method of depositing-a-doped fluorosilicate glass layer on a substrate 
surface, the method comprising: 

heating the substrate surface to a temperature of at least 480°C to about 700°C; 

contacting the substrate surface jvith a reaction volume of gas located above the substrate 

surface within a chemically reactive distance of the substrate, the reaction volume 

I 

of gas comprising a fluorinated Si0 2 precursor, ozone and at least one dopant 

source; and | 

illuminating the reaction volume of gas from a light source to increase the functional 

atomic oxygen concentratioriand reduce the fixed charge in the deposited films, the 

I 

reactant gases in the reaction volume taking part in heterogeneous chemical reactions, 
rather than homogeneous reactions taking place in the chamber outside of the reaction 
volume; and j 

subjecting the reaction volume of gas to a pressure of approximately 200 to 760 torr 
during deposition |>f the silicon dioxide layer. 
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48. (Amended) A method of depositing a dyped fluorosilicate glass layer on a substrate 
surface, the method comprising: 

heating the substrate surface to a tempkature of at least 480°C to about 700°C; 

contacting the substrate surface with a reaction volume of gas located above the substrate 
surface within a chemically rp£ti*p-di§fance of the substrate, the reaction volume 
of gas comprising a fluorinated ,Si^ 2 precursor, ozone and at least two dopant 
sources; and 

illuminating the reaction volume ofjgas from a high-intensity light source to increase the 
functional atomic, oxygen concentration and reduce the fixed charge in the deposited 
films, the reactant gases in the reaction volume taking part in heterogeneous chemical 
reactions, rather than homogeneoui reactions taking place in the chamber outside of the 
reaction volume; and | 

subjecting the reaction volume of pas to a pressure of approximately 200 to 760 ton* 
during deposition of the fluorosilicate layer. 

49. The method bfQaim 48, wherein the at least two dopant sources comprise a dopant 
source for bororaafma dopant source for phosphorus. 

1 

50. (Amended) A method of depositing a fluproborophosphosilicate glass layer on a substrate 
surface, the method comprising: / 

heating the substrate surface to a temperature of at least 480°C to about 700°C; 
contacting the substrate surface with affeaction volume of gas located above the substrate 

surface within a chemically reactive distance of the substrate, wherein the reaction 

volume of gas comprises : / 

a Si0 2 precursor comprisingfFTES (fluorotriethoxysilane); 

a dopant source for boron selected from the group consisting of triisopropylborate, 

TMB (trimethylborlte), and TEB (triethylborate); and 
a dopant source for phosphorus selected from the group consisting of TEPo 

(triethylphosphatej, TEPi (triethylphosphite), TMPo (trimethylphosphate) 
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and TMPi (trimethylphoiphite); and 
illuminating the reaction volume of gas from a high intensity light source to increase the 
functional atomic oxygen concentration and /educe the fixed charge in the deposited films, the 
reactant gases in the reaction volume taking/part in heterogeneous chemical reactions, rather than 
homogeneous reactions taking place in theJchamber outside of the reaction volume; and 

subjecting the reaction volume of gas to a pressure of approximately 200 to 760 torr 
during deposition of the fRioroborophosphosilicate layer. 

51. (Amended)^ method of depositing a silicon dioxide layer on a substrate surface, the 
method comprising: 

contacting the Skbstrate surface with a reaction volume of gas located above the substrate 
surface wirain a chemically reactive distance of the substrate, the reaction volume 
of gas composing a Si0 2 precursor and ozone; 
heating the substrate surface to a temperature of at least 480°C to about 700°C; and 
illuminating the reaction volume of gas from a light source comprising mercury arc vapor 




lamps without directly exposing the substrate surface to the light source to 

increase the functiorial\^tom^ and reduce the fixed charge 

in the deposited films, the reactant|gases in the reaction volume taking part in 

heterogeneous chemical reactions, rather than homogeneous reactions taking place 

in the chamber outside of th^eactjpxi-volifme; and 

subjecting the reaction volume of gasto a pressure of approximately 200 to 760 torr 

\ 

during deposition of the silicon dioxide layer. 



52. (Amended) A method of depositing a doped\ilicon dioxide layer on a substrate surface, 
the method comprising: \ 

contacting the substrate surface with a reaction volume of gas located above the substrate 
surface within a chemically reactive distance of the substrate, the reaction volume 



of gas comprising a Si0 2 precursor, ozone and at least one dopant source; 
heating the substrate surface to a temperature of at least\480°C to about 700°C; and 
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illuminating the reaction volume of gas from a light source comprising mercury arc vapor 
lamps without directly exposing the substrate surface to the light source to 
mcre^se^thgjun^ oxygen concentration and reduce the fixed charge 

in the depositee films^hejeactant gases in the reaction volume taking part in 
heterogeneous dhemical reactions, rather than homogeneous reactions taking place 
in the chaaib^r outside of the reaction volume; and 
subjecting the reaction volume of gas to a pressure of approximately 200 to 760 torr 
during deposition of the silicon dioxide layer. 



Sl^lOl 



53. (Amended) A method of depositing a doped silicon dioxide layer on a substrate surface, 
the method comprising: / 

heating the substrate surface to a temperature of at least 480°C to about 700°C; 
contacting the substrate surface with a reaction volume of gas located above the substrate 
surface within a chemically reactive distance of the substrate, the reaction volume 
of gas comprising a Si0 2 precursor, ozone and at least two dopant sources; and 
illuminating the reaction volume oi gas from a light source comprising mercury arc vapor 
lamps to increase the functional atomic oxygen concentration and reduce the fixed 
charge in the deposited/Films, the reactant gases in the reaction volume taking part 
in heterogeneous chemical reactions, rather than homogeneous reactions taking 
place in the chamber outside of the reaction volume; and 
subjecting the reaction wiume of gas to a pressure of approximately 200 to 760 torr 
during deposition of the silicon dioxide layer. 




\at least tw 



54. The method of Claim 53, wherein theW \ehst two dopant sources comprise a dopant 
source for boron and a dopant source for phosphonij^ 



